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Lipoprotein (a) [Lp(a)] is a low density lipoprotein (LDL) with one apolipoprotein (a) molecule bound to the 
apolipoprotein B-lOO of LDL. Lp(a) is an independent risk factor for cardiovascular disease (CVD). 
However, the relationship of Lp(a) to diabetes and metabolic syndrome, both known for increased CVD risk, 
is controversial. In a population based study on type two diabetes mellitus (T2DM) development in women, 
Lp(a) plasma levels showed the well known skewed distribution without any relation to diabetes or impaired 
glucose tolerance. A modified clot lysis assay on a subset of 274 subjects showed significantly increased clot 
lysis times in T2DM subjects, despite inhibition of PAI-1 and TAFL Lp(a) plasma levels significantly 
increased the maximal peak height of the clot lysis curve, indicating a change in clot structure. In this study 
Lp(a)isnotrelatedtothe development ofT2DMbutmay affect clot structure ex vivo without a prolongation 
of the clot lysis time. 



Lipoprotein(a) [Lp(a)] is a circulating lipoprotein composed of liver-derived apolipoprotein(a) [apo(a)] 
covalently bound to apolipoprotein B-lOO of low density lipoprotein (LDL). The LPA gene encoding the 
apo(a) protein has evolved by duplication from the PLG gene, encoding plasminogen. Many of the potential 
pathological properties of Lp(a) have been attributed to the main structural domains of apo(a), the so called 
Kringles. The current understanding of the physiological and pathophysiological role of Lp(a) has recently been 
reviewed'. The concentration of Lp(a) is reported to be independent of age and gender'' but genetically linked to 
the isoform of the Kringle KIV-2, which exists in multiple copies ranging from 2 to >40. The size of the apo(a) 
isoform is inversely correlated to the plasma concentration of Lp(a) which explains up to 50% of the variability of 
the Lp(a) level in man'\ Increasing plasma concentrations of Lp(a) are associated with the risk of cardiovascular 
disease (CVD)*'^. Evidence for Lp(a) as a genetic risk factor for CVD is based on meta-analyses in 36 prospective 
studies'", genetic studies'"' and studies using the Mendelian randomization approach'" ". 

In contrast to the clear positive association between Lp(a) and CVD risk a paradoxical inverse association of 
Lp(a) levels with risk for type 2 diabetes (T2DM) was published by Mora et al.'^. This is counterintuitive as T2DM 
itself is a well known risk factor for CVD. In addition, Boronat et al.''' identified a high level of Lp(a) at increased 
age to be protective for diabetes. Qi et al.''' reported that the Lp{a) genotype and Lp(a) plasma levels were not 
associated to CVD risk or CVD mortality in T2DM subjects in contrast to the general population. In vitro studies 
indicate that the synthesis of apo(a) is suppressed by insulin, suggesting that insulin has a secondary effect on 
Lp(a) and not vice versa^^. Nevertheless, the role of Lp(a) in insulin resistance and glucose metabolism deserves 
further investigation to clarify the underlying mechanisms. 

Lp(a) has similarities to both LDL and plasminogen and has therefore been proposed to possess proatherogenic 
properties, as well as prothrombotic properties"". The proposed proatherogenic mechanisms in vivo are numer- 
ous". It has been suggested that Lp(a) or the apo(a) molecule contributes to foam cell formation, smooth muscle 
cell (SMC) proliferation and migration, endothelial dysfunction and vascular inflammation, all known as part of 
the atheroma development'" '". The prothrombotic effect of Lp(a) is mediated by inhibition of plasminogen 
activation to plasmin, which is a result of competition between apo(a) and plasminogen for binding sites on 
fibrin^"'^'. However, apo(a), when bound to fibrin can per se bind and subsequently activate plasminogen to 
plasmin^'' implying a more complex picture. 
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Table 1 | Numbers and percentages of subjects in DIWA with different Lp(a) levels and diabetes status. Lp(a) levels are divided into quartiles. 
In the rightmost column, the total numbers and percentages of each subgroup (T2DM, IGT, NGT) are given. Means, medians and ranges for 
Lp(a) are given for each subgroup in the 1 " column 

Diabetic status (mean, median, 1 St Lp(a) quartile 2nd Lp(a) quartile 3rd Lp(a) quartile 4th Lp(a) quartile 

range Lp(a)) (< 1 5.2 mg/dL) (1 5.2-24.8 mg/dL) (24.8-53.6 mg/dL) (>53.6 mg/dL) All 



T2DM (41.5/25.8/(3.8, 235.0]) 50(32.9%) 57(37.3%) 62(40.5%) 56(36.4%) 225(36.8%) 

IGT (40. 6/24.4/[2.7, 207.9]) 45(29.6%) 57(37.3%) 51(33.3%) 52(33.8%) 205(33.5%) 

NGT (40.5/22. 2/[0.9, 200.8]) 57(37.5%) 39(25.5%) 40(26.1%) 46(29.9%) 182(29.7%) 



An impaired fibrinolysis is described for diabetes subjects and has 
been linked to multiple alterations in coagulation/fibrinolysis path- 
ways^'. Associations with high body mass index (BMI) and obesity 
are both linked to high plasminogen activator inhibitor 1 (PAI-1) 
plasma concentrations as well as high fibrinogen levels with effect on 
plasmin generation and fibrin clot structure. Furthermore, clots 
formed from purified fibrinogen from diabetic subjects showed a 
greater maximal absorbance at full polymerization than clots from 
control subjects^"*. Whether the maximal absorbance just reflects the 
average size of the fibrin fibers within the clot or the density of the 
fibrin network is still under discussion^^'^*". 

The aim of this study was to contribute to the understanding of the 
role for Lp(a) in T2DM and hypofibrinolysis by an association study 
of Lp(a) plasma level to T2DM and plasma fibrinolysis in subjects 
from the previously described"'^ 'Diabetes and Impaired glucose 
tolerance in Women and Atherosclerosis study' (DIWA). Lp(a) mea- 
surements were made at an age of 64 (DIWA baseline) and re- 
evaluated 5 years later (ReDIWA). The plasma clot lysis assay 
(CLA) was only performed on the ReDIWA material. To avoid the 
interference of PAI-1 and thrombin activatable fibrinolysis inhibitor 
(TAFI) with plasma fibrinolysis these two factors were blocked in the 
CLA. 

Results 

The baseline DIWA population (n = 612) with valid Lp(a) measures 
consist of 225 (36.8%) T2DM subjects, 205 (33.5%) subjects with 
impaired glucose tolerance (IGT) and 182 (29.8%) with normal glu- 
cose tolerance (NGT) (Table 1), compared to the revisit population 
ReDIWA, (« = 465) with 203 T2DM subjects (43.7%) and 262 
NonT2DM (56.3%) (Table 2). 

A large variability in Lp(a) levels is seen in the baseline DIWA 
population, ranging from 2 to more than 200 mg/dL (Fig. la). The 
frequency distribution is highly skewed with approximately half of 
the population with an Lp(a) level below 25 mg/dL, which can be 
seen in Table 1 where Lp(a) quartiles are shown. The three popula- 
tions - T2DM, IGT and NGT - show a similar range of Lp(a) values 
and almost the same mean and median values (Table 1). In all four 
Lp(a) quartiles 33-40% of the subjects are diagnosed with T2DM and 
the dependence between diabetic status and Lp(a) was non-signifi- 
cant (p = 0.30) using a chi-squared test. 

The Lp(a) level in the T2DM subjects and NonT2DM in ReDIWA 
was similar to the baseline picture; there was a large variability in 
Lp(a) values for the diabetic and non-diabetic subjects and the dis- 
tribution and mean value were similar for both groups (Fig. lb). 
About 50% of the subjects in ReDIWA have an Lp(a) value below 
10 mg/dL, which is sunOar to the results from the Framingham 
Offspring population^. A cut-off level was set to 10 mg/dL (LOQ) 
which coincides with the median Lp(a) value (Table 2). The percent- 
age of T2DM subjects was very similar in both groups, 43.0% in the 
lower Lp(a) group and 44.3% in the upper, and Fisher's exact test was 
clearly non- significant (p = 0.96). Sixty-eight (13.7%) of the 
NonT2DM subjects at baseline developed diabetes during the time 
to revisit, they were similar to the total population in regard to Lp(a) 
level and were equally distributed to the 4 baseline quartiles. Changes 
in Lp(a) level can be seen during these 5.5 years with an increase of 



more than 20% in 23% of the subjects and a decrease in 28%, with no 
obvious relation to medication (statins, oral anti-diabetics, insulin, 
sex- and thyroid hormones). 

Samples for the CLA were selected randomly in such way that the 
whole Lp(a) range was almost equally covered, even for higher Lp(a) 
levels where data are more sparse (Table 3). This means that almost 
all samples with an Lp(a) level >40 mg/dL were analyzed, however a 
large proportion (74.3%) of the ReDIWA samples with Lp(a) level 
<10 mg/dL was not analyzed in CLA. This does not affect the per- 
centage of T2DM subjects selected since the percentage with T2DM 
for those with Lp(a) < 10 mg/dL was 43%, which coincides very well 
with the numbers selected for CLA. Hence, also in this CLA popu- 
lation no correlation between the Lp(a) level and diabetes could be 
seen. 

Clot lysis curves (Supplementary Fig. SI) have been obtained for 
274 subjects and different clot lysis parameters were calculated by the 
appropriate software: clot lysis time (CLT), maximal Absorption at 
405 nm (A^^x) and the area under the clot lysis curve (AUG). 

The CLT in T2DM was significantly higher than in NonT2DM 
subjects (Fig. 2a), while the CLT is similar in the 4 Lp(a) quartiles. A 
large proportion of the subjects (67%) have a CLT between 10000 
and 30000 seconds. The frequency distribution is highly skewed with 
CLT up to 70000 s. The maximal absorbance (AmJ was increased 
with increasing Lp(a) level for both populations in a similar fashion 
(Fig. 2b). The distribution is close to normal with a mean of 1 OD 
ranging from 0.3 to 1.6 units. As a result of these two findings, the 
AUG of the clot lysis curve is significantly dependent on the diabetes 
status and on the Lp(a) plasma concentration (Fig. 2c). The AUG 
increases with increasing CLT as seen in the T2DM subjects, an Lp(a) 
dependent increase in increases the AUG as well. 

Comparing the CLA readings for the subjects with Lp(a) level in 
the 2"'', S"' and 4"" quartile and those subjects in the L" Lp(a) quartile 
(Table 4) the above described situation is underpinned with relevant 
p-values. For the CLT there is no difference between the V Lp(a) 
quartiles and all others, while for A^^x and AUG, subjects within the 
1" Lp(a) quartile are significantly different from those in the 3"^ and 
4"" quartile. Even in relation to the diabetes status the CLA results 
reach a high level of significance (Table 5) with an estimated differ- 
ence of 35.4% for CLT and 29.4% for AUG while there is no differ- 
ence between T2DM and NonT2DM for An,ax- 

For 628 of the 633 women included from start, there is informa- 
tion available regarding the incidence of death, myocardial infarction 
or stroke (MACE) at the end of 2008. The total event rate for these 
endpoints was 7.5% (47 events). Only three of the events occurred in 



Table 2 | Numbers and percentages of subjects in ReDIWA with 
different Lp(a) levels and diabetes status. Lp(a) levels are divided 
into two groups. In the rightmost column, the total numbers and 
percentages of the two subgroups (T2DM and NonT2DM) are given 

Lower half Upper half 
(<10 mg/dL) (>10 mg/dL) All 



T2DM 101(43%) 102(44.3%) 203(43.7%) 

NonT2DM 134(57%) 128(55.7%) 262(56.3%) 
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Figure 1 | Lp(a) plasma levels and distribution vs. diabetes status in DIWA and ReDIWA. Distribution of Lp(a) plasma level in (a) DIWA 64 year old 
women with T2DM (n = 225), impaired glucose tolerance (IGT) {n = 205) and controls with normal glucose tolerance (NGT) (n = 182) and in (b) 
ReDIWA 69 year old women with T2DM {n = 203) or nonT2DM (« = 262). Lp{a) level s are shown in mg/dL (upper panel) on a log scale and as 
histogram (lower panel). 



the non-diabetic group (baseline assessment) which means that there 
is a significant difiierence between diabetic and non-diabetic women 
regarding event rate. In terms of odds ratios the risk of event is 6.3 in 
the T2DM group vs. NonT2DM (p < 0.001, CI: (3.3, 13.4)). Lp(a) 
however, which was available for 612 of these 628 women, is not 
observed to be related to the occurrence of events; the percentages 
were 9.9%, 7.2%, 3.3% and 9.7% in the different quartiles, starting 
with the lowest one. No interaction term was included since this did 
not improve the model fit. 

Discussion 

In this study no relationship between Lp(a) and T2DM could be seen, 
which is in contrast to the publications mentioned in the introduc- 
tion. Recently, the inverse association between Lp(a) and risk for 
T2DM" has been modified by Kamstrup and Nordestgaard at the 
81. EAS Congress 2013^". The genetic variance of the Kringle KIV-2 
is related to type 2 diabetes risk, whereas low Lp(a) levels per se are 
not. Their findings imply that the genetically determined structure of 
Lp(a), i.e. the LPA KIV-2 genotype, causes the association of Lp(a) 
with increased risk of diabetes. In earlier studies the LPA KIV-2 
genotype was shown to explain approximately 50% of the variability 
of plasma Lp(a) levels'''*. However, recent more extended analysis 



came to the conclusion that the KIV-2 genotype explains only 21- 
27% of the variability of Lp(a) plasma levels, dependent on the cohort 
analyzed"". Our findings support this recent modification of the rela- 
tionship between Lp(a) and T2DM. 

An additional explanation for the different views in the literature is 
that Lp(a) is challenging to measure™. In interventional studies, e.g. 
statin trials, where Lp(a) was included in the lipoprotein profile, all 
samples were analyzed in one batch at the end of the study to avoid 
batch to batch variability and freeze thaw cycles. Kronenberg et al. 
described a decrease in Lp(a) concentrations in EDTA plasma of 
approximately 10% during the first month of storage at — SO'C"". 
Simo et al.'^ suggested that Lp(a) in EDTA plasma decreased signifi- 
cantly in MI survivors compared to healthy controls when stored at 
— 70°C for up to 5 years, despite the addition of antioxidants and 
proteolysis inhibitors. However this was only observed in samples 
with Lp(a) concentrations above 40 mg/dl. Also in the present study 
we struggled with different matrices and methods and different stor- 
age periods at — 80°C. Nevertheless an effort was made to compare 
the Lp(a) values at baseline with the re-examination values assessed 
for the same patient. Almost half of the subjects had changes in Lp(a) 
that were above 20%, with a CV% for both Lp(a) assays below 10%. In 
contrary to results described by Simo""^ this was not related to the 
baseline Lp(a) plasma concentrations and was not different in dia- 
betes compared to non-diabetic subjects. Inconsistencies in Lp(a) 
measures during longitudinal studies can be related to the poor 
standardization of methodology and the lack of reference materiaP". 
The reason for the variability in Lp(a) over time may be related to 
individual variations in the Lp(a) particle size'''', and variability in the 
metabolism of Lp(a) which is largely dependent on liver and kidney 
function. However, the Lp(a) levels in this study were comparable to 
those published from the large Copenhagen Heart study'. 

Our study population was selected with regard to age and gender - 
the women were 64 years at inclusion and 69 years at foUow-up and 



Table 3 Number of indivicduals in the different Lp(a) ranges in 
ReDIWA, selected for Clot lysis assay. The percentage of T2DM 
patients in these numbers are given in parenthesis 


Lp(a) range 


ReDIWA 


CLA cohort 


Lp(a) < 1 0 
10 <Lp(a)< 20.93 
20.93 < Lp(a) < 41.97 
Lp(a) >41.97 


237 (43%) 
79 (47%) 
79 (42%) 
79 (41%) 


61 (44%) 
69 (48%) 
67 (42%) 
77 (40%) 
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Figure 2 | Clot lysis assay results in relation to Lp(a) plasma levels and diabetes status. The CLA results for the CLA population of 69 year old 
women {n = 265) grouped for the Lp(a) quartiles and diabetes status. The CLA variables are shown as mean values ± SEM in the four Lp(a) quartUes. 
(a) Clot lysis time (CLT) [s]. (b) Maximal Peak height (Amax) [OD]. (c) Area under the clot lysis curve (AUC) [OD X s]. 



the results may not be extended beyond this cohort. However, focus- 
ing on this cohort can be seen as a strength, since confounding factors 
such as age, sex, ethnicity and premenopausal variability are ruled 
out". A significant association of elevated Lp(a) level and CVD in 
subjects above 55 years of age was reported by Balogh""^; and was 
more pronounced in women than in men. The same association 
between age and Lp(a) levels in women was reported by Jenner^, 
who analyzed the Lp(a) levels in the Framingham offspring study 
population. The mean plasma concentration in postmenopausal 
women was 19% higher than the mean found in premenopausal 
subjects. 

This study also shows that T2DM patients have decreased fibri- 
nolysis, also when PAI-1 and TAFIa are blocked. The increased 
thrombosis risk in subjects with diabetes is in part due to decreased 
fibrinolytic potential as measured by the CLA"". This is in line with 
Dunn's results on fibrin clots formed from fibrinogen obtained from 
subjects with T2DM''^. Such tightly packed clots with a denser less 



porous structure are more resistant to fibrinolysis than those from 
healthy subjects. Increased glycosylation of fibrinogen caused by 
hyperglycemia has been related to this clot structure type'"'. 

Furthermore, fibrinogen is known to be increased in T2DM, more 
pronounced in women in parallel with CRP and mirrors the inflam- 
matory status in these subjects. Even in this study a positive correla- 
tion between A,„ax and CRP plasma levels was seen. Recent CLA 
results from the Edinburgh Type 2 Diabetes study"" show a gender 
specific alteration in clot structure. A higher maximum absorbance 
and longer clot lysis times are reported for women with T2DM 
compared to male T2DM subjects. Laser scanning confocal micro- 
scopy showed a denser ex vivo fibrin clot for T2DM women. We used 
the patient's own ability to generate thrombin in plasma and blocked 
the fibrinolysis inhibitors PAI-1 and TAFI. This system has been 
established in our laboratory with an antibody to PAI-1 (Fab frag- 
ment of MAl-12) that binds specifically to active PAI-1 at a concen- 
tration sufficient even for the high PAl-1 plasma activities that are 
described for diabetes. This antibody has been used in vivo in a rat 
model of arterial thrombosis and caused a reduction in thrombus size 
and restored blood flow''". TAFI is blocked by a compound (AZD 
9684, AstraZeneca R&D) that specifically inhibits active TAFI 
(TAFla) and hence increases fibrinolysis in the plasma clot lysis assay 
already at low concentrations (IC50 = 0.35 |imol/L). Differences in 
methodology with regard to the initiation of clotting and blockage of 
PAl- 1 and TAFla may explain the difference between studies. 

However, in the present study Lp(a) plasma levels had no effect on 
clot-lysis time but increased Lp(a) levels caused an increase in A^^. 
Undas et al.*" describe a longer fibrinolysis time associated with 
increased Lp(a) level in a similar clot lysis assay. They explain the 
fibrinolysis impairment by Lp(a) interference with plasminogen 
binding to fibrin but also show data on Lp(a) induced alteration in 
fibrin clot structure that suggest a prothrombotic effect of Lp(a)''^. 

The maximal absorption of a clot lysis curve is known to be 
dependent on the initial thrombin generation and the fibrinogen 
level in plasma, since both factors determine the development of 



Table 4 | Clot lysis assay results in relation to Lp(a) plasma levels. 
Comparisons of the main CLA read outs between subjects of the 
CLA cohort in the 2nd, 3rd and 4th Lp(a) quartile and subjects in the 
1 st Lp(a) quartile 







Estimated difference 




Variable 


Comparison 


(95% CI) 


P-value 


A 

''max 


2nd . , s, 


0.06 OD (-0.02,0.14) 


0.238 




3"'-]" 


0.17OD (0.09,0.25) 


<0.001 




4* _ 1 St 


0.25 OD (0.17,0.33) 


<0.001 


CLT 


2nd , s, 


8.3% (-10.8, 31.6) 


0.645 




3"'cf 1" 


6.6% (-12.4, 29.8) 


0.782 




4* cf 1 ■* 


0.4% (-17.5, 22.1) 


>0.999 


AUC 


2nd j.f 1 s, 


1.13% (0.93, 1.38) 


0.333 




S'-'cf 1" 


1.34% (1.10, 1.64) 


0.002 




4* cf 1 ■* 


1.40% (1.15, 1.71) 


<0.001 
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Table 5 | Clot lysis assay results in relation to diabetes status. 
Comparisons of the main CLA read outs between subjects with 
T2DM and nonT2DM 

Estimated 

Variable Comparison difference (95% CI) P-value 

Amax DM - no DM -0.007 OD (-0.055, 0.042) 0.787 
CLT DM cf no DM 35.4% (20.5, 52.2) <0.001 

AUG DM cf no DM 29.4% (1 4.8, 45.8) <0.001 



fibrin protofibriles that determine the fibrin clot structure^^. We 
show that Lp(a) influences the clot structure but the mechanism is 
not obvious. One possibility is that Lp(a) is influencing thrombin 
generation during re-calcification. A second possibility is that Lp(a) 
binds to the fibrin structure, without inhibiting fibrinolysis. This may 
increase the clot mass or influence clot structure and result in an 
increase in A^nax- Altered fibrin clot properties represent a novel 
prothrombotic effect of Lp(a) which is of potential importance in 
athero- thrombotic vascular disease'*^'^. Lp(a) seems to be one of the 
factors that contribute to changes in fibrin clot structure which may 
in vivo affect plaque stability under flow conditions in arteriosclerotic 
vessels. Beyond this Lp(a) is described to alter plasmin generation on 
the clot surface and to inhibit plasminogen binding to endothelial 
cells affecting t-PA release. Both mechanisms may contribute to the 
development of a more rigid clot and by this increase the risk for 
CVD. Further studies wiU have to study these findings in greater 
detail. 

In conclusion no difference in Lp(a) levels between T2DM and 
NonT2DM could be seen in this study. Diabetes subjects show 
impaired fibrinolysis potential, due to a prolonged clot lysis time, 
that was not related to PAI-1, TAFI or Lp(a). Lp(a) levels are related 
to an increase in the maximal absorbance A^^. 

Methods 

Study cohort. The Diabetes and Impaired glucose tolerance in Women and 
Atherosclerosis study (DIWA) is a population-based cohort of 64-year-old women 
who participated in a screening examination, as previously described in detail^^. 
World Health Organization (WHO) criteria were used for the definitions of diabetes 
mellitus and impaired glucose tolerance (IGT)*^. Women with diabetes and similarly 
sized groups of women with IGT and normal glucose tolerance (NGT) were randomly 
selected and invited to participate in a nested case-control study. In total, 633 women 
participated (diabetes, n — 234; IGT, n — 208; NGT, n — 191) in an oral glucose 
tolerance test (OGTT) and underwent ultrasound examination of the carotid arteries 
and clinical and laboratory examinations. 

The baseline examination (DIWA) included a questionnaire regarding previous 
diseases, current medication, smoking habits, alcohol intake, physical activity and 
family history of diabetes. Anthropometric measurements, blood pressure and heart 
rate were recorded. Ultrasound examination of the carotid arteries was performed, 
blood samples were collected, and serum and plasma were frozen in aliquots at 
— SO'^C within 4 h. Clinical chemistry laboratory analyses of plasma for lipoproteins 
and inflammatory and diabetes parameters were performed as previously 
described^-^^. 

A re- examination (ReDIWA) was performed after 5 to 6 years (mean 5.5 years)*^. 
At re-examination, subjects underwent similar investigations to those performed at 
baseline. OGTT was performed in subjects who were NonT2DM at baseline in order 
to examine whether subjects developed diabetes during the period between baseline 
and follow-up. Subjects who had available plasma samples (n — 465), 203 (43.9%) 
T2DM subjects and 262 (56.1%) NonT2DM, were investigated for Lp(a). 
Cardiovascular events and cause of death were investigated by contact with the centre 
of Epidemiology at the national Board of Health and Welfare. All subjects received 
both written and oral information before providing consent to participate in the 
study. The protocol was approved by the Ethics Committee at Sahlgrenska University 
Hospital, Gothenburg Sweden. All experiments were performed in accordance with 
the relevant guidelines and regulations. 

Lipoprotein(a) analysis. Blood from DIWA and ReDIWA subjects was taken by 
venipuncture and serum and citrate plasma was harvested after centrifugation at 
1500 gfor20 minat4 C. Supernatants were stored as 0.5 ml portions at —80' C until 
analysis. 

Analytical methods for Lp(a) are all based on the apo(a) molecule that charac- 
terizes this lipoprotein particle and a large variety of antibodies to apo(a) can be 
found, due to the polymorphic nature of this highly glucosylated protein. Currently 
antibodies are available that do not recognize the Kringle IV-2 repeat and thus allow a 



size independent quantification of Lp(a). Immunochemical techniques like immuno- 
turbidimetry (ITM) or ELISA are the methods of choice in today's clinical chemical 
laboratory. 

Serum has been subjected to ITM for the baseline samples that had been stored at 
— 80' C for more than a year, dependent on the inclusion period of the study. Citrate 
plasma was the matrix for the ELISA used for the ReDIWA samples, which had also 
been stored at — 80 C for 2 to 4 years. The turbidimetric method has a higher 
sensitivity while the LOQ for the ELISA is 10 mg/dL. Samples of the 465 subjects 
investigated in ReDIWA were analyzed for Lp(a) by ELISA Kamiya (Kamiya 
Biomedical Company, Seattle, USA) on an ABX pentra analyzer and the results 
compared to the baseline data obtained by immuno-turbidimetry with the same 
Kamiya kit on the Konelab 20 machine. 

Due to differences in Lp(a) assay and matrix for the analysis in DIWA and 
ReDIWA there was a discrepancy between these two data sets. The baseline Lp(a) 
concentrations were in general higher than the ReDIWA values. In an attempt to 
compare the baseline and revisit Lp(a) levels for each subject, Deming regression of 
revisit vs. baseline values was used*^. Using the achieved regression equation, the 
revisit Lp(a) values were adjusted to be comparable to the baseline values 
(Supplementary Fig. S2). 

Clot lysis assay (CLA). The CLA method is based on the registration of fibrin 
aggregation in human plasma and describes the kinetics of fibrin clot lysis ex vivo. The 
assay has been widely used and modified to evaluate the effect of different 
coagulation/fibrinolysis plasma proteins on this process^'''^^ Common modifications 
of this method include coagulation activation by Tissue factor (TF) and addition of 
thrombin to enhance the clotting process*'. We use the patient's own coagulation 
properties and initiate clotting by recalcification of the citrated plasma. Tissue- 
plasminogen activator (t-PA) was added at low concentration to support 
plasminogen activation to plasmin. 

Plasmin is the main fibrinolytic enzyme which is inhibited at different levels. Alpha 
2-Antiplasmin inhibits the enzyme activity directly, while plasminogen activator 
inhibitor- 1 (PAI-1) neutralizes t-PA and prevents plasminogen activation. Thrombin 
activatable fibrinolysis inhibitor (TAFI) interferes with plasminogen binding to fibrin 
by cleavage of C-terminal lysine residues, the main anchor sites on partially degraded 
clots. Since apo(a) competes with plasminogen for these binding sites, an inhibitory 
effect of Lp(a) on clot lysis is discussed'^. To circumvent the confounding effects we 
inhibited the two major players PAI-1 and TAFI in the clot lysis assay^^. The 
monoclonal antibody MAI-12 inhibits t-PA binding to PAI- 1^1 TAFI is inhibited by a 
compound developed by AstraZeneca^* specifically inhibiting the enzymatic activity. 
The clot lysis curves obtained with this modification (Supplementary Fig. SI) are 
similar to published examples™. In a first attempt to measure CLA without inhibition 
of PAI-1 and TAFI, the variability was so large that no trends could be seen. 

Citrate plasma from the CLA cohort was rapidly thawed in a water bath to a 
temperature of 37 C in parallel with aU other constituents, except for t-PA. 96 well flat 
bottom microtitre plates (Nunc, Denmark; 269629) were loaded with 25 |j.l CaCl2 
(KEBO, Sweden) in 27 mM Hepes pH7.4, 20 mMNaCl),25 ^lMAI-12 (FabBiopool, 
Sweden) and 25 |.il AZD9684. 100 \x\ plasma and 25 |,il cold two-chain tissue plas- 
minogen activator (t-PA, Biopool, Sweden in saline with 0.3% Tween 80) were mixed 
and added into the weUs resulting in final concentrations of 5 ng/mL t-PA, 1 [iM 
MAI-12, 10 |iM AZD9684 and 7.5 mM CaCLa. 

The lid covered plate was placed in a Thermomax microplate reader (Molecular 
Devices, US) and gently shaken. The change in turbidity was monitored as a change in 
absorbance at 405 nm at 37'C for up to 10 h with repetitive readings each second 
minute. From the resulting clot lysis curve different variables were calculated using 
the reader software SoftMax Pro 4.8 (Molecular Devices, US). The maximal 
Absorbance (A^aJ is given by the difference between the highest absorption at OD 
405 and the baseline absorption (Supplementary Fig. Si). Clot lysis time (CLT) is 
defined as the time from maximal clotting velocity to maximal lysis velocity and is 
similar to the peak width (sec.) at half maximal absorption (Amax/2), even called t5o% 
or Ti/2 by others^^'^^. Furthermore the area under the clot lysis curve (AUG) is 
calculated, which is dependent on Aj^g^ well as on the CLT. 

Statistical analysis. The statistical analysis and graphs were performed using R 
version 2.13.2. 

The dependence between Lp(a) and diabetic status was tested both at baseline and 
revisit. Since the assay used for Lp(a) at revisit had a lower sensitivity, which con- 
tributed to half of the samples being below LOQ — 10 mg/dL, these Lp(a) levels were 
divided into two groups, above and below LOQ. Regarding diabetic status, two levels 
were available at revisit; T2DM and NonT2DM. Fisher's exact test was used to test for 
independence. At baseline, Lp(a) measurements were divided into quartUes and there 
were three groups for diabetic status: T2DM, IGT and NGT. Here a chi-squared test 
was used to test independence owing to the size of the data set. 

To test whether diabetic status and Lp(a) are of importance for the clot lysis, two- 
way analyses of variance (ANOVA) were applied. For CLT and AUG the data were 
approximately log normally distributed and therefore log transformed before the 
analysis, while A^^x was analyzed on the original scale. This is the reason that the 
results for CLT and AUG are presented as percentage change, while for Aj^ax the 
difference between groups is presented in the same scale as the data. No interaction 
terms were included since their inclusion did not improve the model fits (testing 
model improvement by means of chi-square tests gives p > 0.4 in all three cases). The 
Lp(a) values for the subjects included in the CLA were divided into quartUes, for the 
first quartUe the major part of the data were below LOQ. For each of CLT, AUG and 
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Amax> Dunnett's test, which adjusts for multiple comparisons, was performed to 
compare the three upper Lp(a) quartiles with the lower one. 

To investigate the effect of diabetes status and Lp(a) levels at baseline on the event 
rate MACE, a logistic regression model was used. An interaction term again did not 
improve the model fit and hence was not included in the final model. Due to its right 
skewed distribution, Lp(a) levels were log transformed. The results are presented in 
terms of odds ratios which describe how strongly diabetes and Lp{a) levels are 
associated with event rate. 

Due to differences in the Lp(a) assays and matrix for the analysis in DIWA and 
ReDIWA there is a discrepancy between these two data sets. A Deming regression, 
which takes into account the variability in both revisit and baseline values, was fitted 
to the Lp(a) data on the log scale. To be able to identify subjects whom had changed 
more than 20% from start to revisit, the Lp{a) values at revisit were adjusted by means 
of the fitted equation. Only subjects who had Lp(a) values at revisit above LOQ were 
included in this analysis. 
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